Actinobacillus pleuropneumoniae is the causative agent of fibrinous pleuropneumonia of swine. Capsule and endotoxin are probable virulence factors for this organism (3, 6, 19) , but it has been postulated that potent toxins, other than endotoxin, also contribute to virulence (8, 15) . A potential toxic virulence factor is the heat-labile hemolysin of A. pleuropneumoniae serotype 1, which is a protein with a molecular mass of 104 kilodaltons (kDa) (1, 4). Previous serological tests have used crude A. pleuropneumoniae antigen preparations, and so it has been impossible to determine to which of the virulence factors the humoral immune response in pigs is directed (5, (10) (11) (12) (13) 20) . Little is known about the prevalence in pigs of antibodies to the hemolysin except that serum from animals infected with serotype 1 neutralized hemolytic activity in culture supernatant (15) . This paper reports the results of an antigen capture enzyme-linked immunosorbent assay (ELISA) using a rabbit homologous polyclonal antibody specific to the 104-kDa hemolysin of A. pleuropneumoniae serotype 1 strain CM-5. The purpose was to determine the prevalence of seroreactors to this potentially important virulence factor in swine herds which had histories of clinical disease.
The rabbit homologous polyclonal antiserum specific to the 104-kDa protein hemolysin of strain CM-5 was produced as described elsewhere (2). A 1/2,000 dilution of this serum was made in carbonate-bicarbonate buffer (pH 9.8), and 100 ,ul was used to coat 96-well Linbro microdilution plates (Flow Laboratories, Hamden, Conn.). Following incubation of the serum overnight at 4°C, the wells were washed three times with phosphate-buffered saline (pH 7.4) containing 0.05% Tween 20 (PBS-T), blocked with BLOTTO (7) for 30 min at 22°C, and washed. Crude hemolysin of A. pleuropneumoniae serotype 1 strain CM-5 was produced as described previously (1). Briefly, the bacteria were grown for 18 h at 37°C on tryptic soy agar (Difco Laboratories, Detroit, Mich.) supplemented with 0.01% NAD and 10 mM CaCl2-2H20. The bacterial lawn was washed off the agar by using 75 ml of RPMI 1640 (Flow Laboratories Inc., Mississauga, Ontario, Canada), cultured for 1 h in a 37°C water bath, centrifuged, and filtered with polycarbonate filters.
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The supernatant was assayed for hemolytic activity as described elsewhere (1). For the capture ELISA, the culture supernatant was diluted to 100 hemolytic units per ml in PBS-T, and 100 pl was added to each of the antibody-coated wells and incubated overnight at 4°C.
Serum samples were collected from pigs prior to and 3 weeks after experimental challenge with A. pleuropneumoniae serotypes 1, 2, 5, and 7, as described previously (14) . In addition, 144 serum samples were collected from pigs in 10 herds designated free of A. pleuropneumoniae, 155 samples were collected from 11 herds having a history of pleuropneumonia infection, and 8 samples were collected from 1 herd diagnosed with clinical A. suis infection. Serum samples were collected from animals that were 3 to 5 months old. Herds designated free of A. pleuropneumoniae were closed herds that were part of an Ontario swine herd health program. Under this program, the herds are monitored on a regular basis, by veterinarians, for any clinical signs of pleuropneumonia. In addition, farmers are required to submit 20 animals, three times a year, for slaughter. If lungs show pathological changes indicative of pleuropneumonia, lungs are cultured for the organism.
Each serum sample was diluted 1/200 in PBS-T, and 100 ptl was added to each well of the microdilution plates for 2 h at 22°C. Samples were tested in duplicate on two different days (four replicates per serum sample) using the quadrant method described by Wright (21) . After wells were washed, a 1/6,000 dilution of horseradish peroxidase conjugated to rabbit anti-porcine heavy-and light-chain immunoglobulin G (Miles Scientific, Naperville, 111.) was made in PBS-T and 100 ,ul was added to each test well for 90 min at 22°C. All reagent dilutions used in this ELISA were determined beforehand by checkerboard titration. The wells were washed again and the hydrolysis of H202 was determined in the presence of 2,2'-azinobis-(3-ethylbenzthiazoline sulfonic acid)-diammonium salt (Boehringer Mannheim, Dorval, Quebec, Canada) after 15 (Table 2 ). All serum samples tested from pigs infected with A. suis produced positive reactions in the ELISA (Table 1) .
The results of this study indicate that the prevalence of seroreactors to the hemolysin of A. pleuropneumoniae serotype 1 strain CM-5 is high. We suggest two reasons for this. (16, 17) , and pigs are reported to have a high carriage rate of alpha-hemolysin-producing strains of Escherichia coli (18) . Both these bacteria also produce a related cross-reacting protein with a molecular mass similar to that of the 104-kDa hemolysin of strain CM-5 (2). This explains the positive reactions observed in the sera from pigs infected with A. suis and may partially explain the many seropositive reactors observed in the swine herds designated free of pleuropneumonia.
Other tests, including complement fixation (5, 13), indirect hemagglutination (10), latex agglutination (11), and ELISA (12, 20) , have been used to detect antibodies to A. pleuropneumoniae infection in sera. Their primary use has been as possible serodiagnostic tools to control the disease in herds through culling of positive reactors. However, these tests make use of whole-cell and crude bacterial extracts containing outer membrane proteins of A. pleuropneumoniae. These impure antigen preparations are known to cross-react with antigens from other gram-negative bacteria (9) . The antigen capture ELISA discussed in this paper, which used the 104-kDa hemolysin of A. pleuropneumoniae serotype 1 strain CM-5, is the first test that attempted to detect antibodies to a purified antigen. For serodiagnosis of pleuropneumonia, this test had very high sensitivity but poor specificity, probably as a result of the presence of A. suis, and possibly alpha-hemolysin-producing E. coli, in many swine herds. It seems unlikely that a single test can be devised which combines high sensitivity and specificity for accurate use in an eradication program. However, with its high sensitivity, this ELISA could be used as an initial screening test to be followed by a test with high specificity to confirm all positive results. The 104-kDa protein appears to be an excellent immunogen, and the results of this study confirm earlier observations that pigs convalescing from pleuropneumonia mount a very strong humoral response to this antigen (15) . The test has the advantage of detecting infection with all 12 serotypes of A. pleuropneumoniae because of the serological relatedness of the 104-kDa proteins produced by this bacterial species (2). The use of a capture ELISA makes the procedure inexpensive, rapid and easy.
